Abstract. Growing challenges with respect to preserving the environment have forced changes in company operational structures. Thus, the objective of this article is to measure the evidence of Environmental Management using the Item Response Theory, based on website analysis from Brazilian industrial companies from sectors defined through the scope of the research. This is a qualitative, exploratory, and descriptive study related to an information collection and analysis instrument. The general view of the research problem with respect to the phenomenon under study in based on multi-case studies, with the methodological outline based on the theoretical reference used. Primary data was gathered from 270 company websites from 7 different Brazilian sectors and led to the creation of 26 items approved by environmental specialists. The results were attained with the measuring of Environmental Management evidence via the Item Response Theory, providing a clear order of the items involved based on each item's level of difficulty, quality, and propriety. This permitted the measurement of each item's quality and propriety, as well as that of the respondents, placing them on the same analysis scale. Increasing the number of items and companies involved is suggested fEor future research in order to permit broader sector analysis.
Introduction
The increasing challenge of preserving the environment has forces readjustments in the industrial companies' operational structures. However, these transformation have not occurred merely within manufacturing processes, but also in their management paradigms, in which new concepts must be incorporated in order to attend an ever demanding society with respect to preserving the environment, an increased gamut of legislation, and extremely competitive markets, in which environmental certification is an indispensible condition to negotiating [3, 13, 19, 20] . There are also the stakeholders who are exercising the fundamental role of pressuring organizations towards continued process improvement and perfection.
In recent decades preserving and restoring the environment has become a worldwide concern. In Brazil, this concern is explicitly expressed in the 1988 Federal Constitution [9] in Article 225. It states that "everyone has the right to an ecologically balanced environment of common use, essential to a healthy quality of life, necessitating the government and society the duty to defend and preserve it for present and future generations." Furthermore, Article 23 of the same constitution states "common responsibility of Federal, State, Federal District and Municipalities: (...) VI -protecting the environment and fighting pollution in any of its forms". The impacts that affect local, regional, and national economic development rely on the fact that it spreads its coverage. In fact, the social and political issues go beyond the boundaries of environmental policies which are on the agen-da of various communications media as a major topic today.
Concern for the environment has highlighted the importance of deploying an environmental management system, which can provide holistic and systemic management. According to Kaplan and Norton's [18] assertion that it is impossible to manage something which you cannot measure reinforces the importance of using a method which provides a perspective of the business through analyzing the results of the principle strategic management perspectives. This will help executives to assess and achieve decision-making goals or to correct their courses to ensure that such objectives are achieved. In this context, there is a need for organizations to effectively manage their information resources and to obtain knowledge to assist the decision-making process.
According to Hronec [17] , performance measurements are vital signs for an organization, confirming that environmental management requires the use of performance measurements to qualify and quantify how the activities of a process achieve their goals.
The Environmental Management System according to ISO 14001 is one of the most used by companies in Brazil. This system aims to provide organizations with the elements of an effective environmental management system that integrates with other management requirements to help to achieve environmental and economic goals. [...] Environmental management encompasses a wide range of issues, including those with strategic and competitive implications [25] .
Within this context, the objective of this article is to verify the viability of using the Item Response Theory to measure Environmental Management evidence among industrial companies in Brazil, considering the sectors analyzed and based exclusively on information available in these companies' websites. The intention of such measurement is thus to evaluate the quality and propriety of each item individually, placing items and respondents on a single scale.
After presenting the definition of the problem as refers to this article, this paper is structured as follows:
Part Two is the methodological background (principle and/or approach). Part Three is the theoretical development (fundamentals); Part Four presents a survey based multi-case study in five Brazilian Industrial economic sectors (1) Paper, (2) Steel and Metals, (3) Energy, (4) Chemical and Petro-chemical, (5) Agricultural production, (6) Construction, (7) Auto industry ; Part Five is critical evaluation against related works, and the conclusion.
Methodological background

Item Response Theory (IRT)
The mathematical models of the IRT estimate item and respondent parameters in order to establish a quantitative measurement scale. To estimate these parameters, one defines a set of variables which cannot be measured directly, but express a theoretical concept defined by "construct" or "latent traits", such as the "corporate environmental management performance" to be answered for a sample of manufacturers located in Brazil. The Item Response Theory (IRT) is a powerful tool that enables the construction of scales from a set of items via mathematical models [12, 16] .
The construction of a set of items as well as a scale to measure the environmental management performance of industrials based on IRT is proposed. This study is structured as follows: (1) the context of the study is presented, followed by an explanation of scale construction, the IRT, and industrial company environmental management performance; (2) the methodology is described; (3) the findings are presented and then discussed, and finally; (4) the conclusions.
It is possible to establish a scale to measure the Brazilian industrial environmental management performance and to follow its evolution over time. It is also possible that new firms, responding to all items, check what their level is on the scale. The scale can be constantly updated with the inclusion of new items, ensuring comparison by keeping the same established unit of measurement. This results in a calibrated item database in the performance range of environmental management, which can be extended to evaluate other industries throughout Brazil.
Methodological procedures
Gathering secondary data as well as bibliographic research to compose the study's theoretical reference was used as the methodological outline. The primary data collection, supported through evidencing environmental information (disclosure) occurred based exclusively on the company sites analyzed from the database of the Biggest and Best list as provided by Exame Magazine concerning the 7 sectors of this study [22] . Then, the researchers accessed respective websites of the companies selected and responded either "yes" or "no" to the items in the questionnaire. Thus, for the intents of this article, the industrial company environmental performance evaluation presents this delimitation and constitutes a basis to outline the current situation as well as bring together critical analysis, suggestions, and conclusions.
The inductive investigative method is utilized. As such, it starts from a particular premise, data, and confirmed facts and builds towards a general premise, a conclusion which contains unverified facts or situations. Gil [15] highlights that in inductive reasoning; one must not seek a priori generalization, but verify it based on observing concrete cases, sufficiently confirmed from such a reality.
The present study possesses a quantitative nature, related to the data collection instrument, which presents closed questions (yes or no), generating results which are thus analyzed quantitatively with a twoparameter logistic model under the Item Response Theory perspective. This study deals with exploratory research, as it seeks to provide a general view of the problem and to approximate, making it possible to gain greater familiarity and comprehension from the investigator with respect to the phenomenon under study [15] . Such an approach results in an upgrading of ideas. This investigation involves a multicase study in 7 economic sectors.
The techniques outlined and procedures utilized in collecting data were defined in 3 phases ( Fig. 1): (1) Elaborating the items based on exploratory research in literature relevant to the environment, totaling 32 items; (2) Submitting the items to evaluation from 3 experts of the environmental area, with suggestions to improve the semantics and subsequent exclusion of 6 items; and (3) The 26 items, presented in Table 1 : Table 1 Final report of the items Numbers Items 1 There is declared concern for environmental questions in the company's mission statement 2 There is the mention of concern for environmental questions in the view 3 There is the mention of concern for environmental questions in policies/ directives [28] , Tachizawa [34] , and Shigunov Neto et al [31] . Environmental management may be defined as the set of management function activities which determine the environmental policy, objectives, and responsibilities of the company and place them into practice through intermediaries of the environmental system, environmental planning, environmental control, and environmental management improvement. As such, environmental management is the efficient management of the organization's relationship with the environment [31] . Companies seek to demonstrate and secure effective and efficient environmental performance control in order to reach sustainable development within the objectives and goals de-fined by high management. In order to do so, it is necessary to integrate the components of company environmental management, evidencing the diverse areas involved in the organization's structure. This view points to implementing policies and directives which orient the decision making process in all the actions developed in order to demonstrate the permanent strategy of investing through environmental management systems in the generation of expected results, defined in the objectives outlined by organizations.
Nascimento et al. [24] defines the Environmental Management System (EMS) as: the set of procedures which will help the organization to understand, control, and reduce the environmental impacts of its activities, products, and/or services. They also add that an efficient EMS permits companies to improve the management of environmental aspects and impacts, beyond interacting in changing organizational attitudes and cultures, improving its results in economic terms upon acting towards the continued improvement of processes and services. Barbieri [3] also highlights the importance of placing environmental issues strategically in the organization.
Based on the results of the EMS, the company must carry out critical analysis in order to at-tend its stakeholders' demands and legal aspects in seeking constant perfection. It is thus fundamental to contemplate the environmental management areas with critical analysis, based on a total environmental evaluation, as shown in Fig. 2 : The integration of these concepts provides the company with a differential which is recognized and valued by the market. However, it cannot be represented or directly measured through a single element, but rather through a set of attributes which can evidence competitive advantage. Thus, according to Shigunov Neto et al [31] , Environmental Management must be integrated to companies' activities as it deals with a systematic view, as shown in Fig. 3 : Source: Elaborated from Shigunov Neto et al. [31] .
Within this context, this integration of the pillars of the environmental responsibility triad give sustenance to companies' environmental management principles makes it evident that responsibility is diluted through all the areas of the organization, within a systematic view. Thus, analyzing adequate environmental management is a complex task. To this light, the measurement tool as defined by this study is the "Item Response Theory", as it presents mathematical and statistical models which create a scale to represent industrial company environmental management performance.
The expression Corporate Social Responsibility (CSR) has acquired the most varied definitions. The beginning of discussions within the theme, geared towards business, according to Carroll [6] began in the 1950s. This author considers Bowen [5] [21] , organizations who believe they must "give something back" to society have adopted the Social Corporate Responsibility concept.
Organizations exist within large networks which consist of various groups (stakeholders) who exercise pressure upon them. A good corporate citizen should respond to the stakeholder demands which may directly or indirectly affect the organization's activities or be affected by them [11, 37] .
Multi-case study
Economic sectors studied
The companies analyzed in this article involve 7 (seven) economic sectors. The industrial companies analyzed herein are ordered according to the "Sales" criteria. The data was taken from the Brazilian magazine, Exame [23] , in its annual ranking of the Biggest and Best companies performing in Brazil. Among them are national and international companies, bringing the total sample size to 270 companies under analysis. This research was carried out from May to August of 2011.
Paper. This includes industries which produce pulp, involving separating the paper fibers from the wood or recyclable paper through mechanical or chemical processes. Paper is obtained through the conversion of these fibers into sheets, and its products are formed through cutting, modeling, coating, and lamination processes [26, 33] . Steel and Metals. Industries which operate within the set of procedures and techniques to extract, manufacture, found, and treat metals and their alloys. Metals are used to manufacture utensils, materials such as copper, lead, bronze, iron, gold, and silver, which were amply used in the past. The first foundries appeared in the 8th Centuries. The metals industry had resurgence in the 18th century with the industrial revolution [32] . Energy. This sector involves companies which generate and distribute electrical and bioelectrical, thermo-dynamic, and hydro-electrical energies [23] .
Chemicals and Petrochemical. The petrochemical industry is part of the chemical industry. It is characterized through its use of petroleum (naptha) or natural gas derivatives as primary materials. However, many of the products denominated as petrochemical, such as polyethylene, for example, may be obtained either through these raw materials or through others, such as coal (South Africa) or alcohol (Brazil). The official classifications of the chemical industry have not utilized a separate "petrochemical" concept. Such industries supply raw materials and products to diverse productive sectors, from agriculture to aerospace [1, 29] . Agricultural Production. This sector has seen the modernization of agricultural activities based on the Green Revolution technological paradigm, which has gone through great modification in the productive structure of the fields. This has benefitted large landowners with the exploration of export products, propelled by globalization and the opening of international economies, in large part among the most industrialized regions of Brazil [27] . Construction. The peculiarity of this sector resides in its resistance to professionals involved in assuming the uncertainty risks of changing its status quo. Such resistance, added to the multidisciplinary nature of the projects which at times signify an involvement from various companies and the sector's dependence on research for new materials and equipment, has kept civil construction from modernizing to the pace of other productive sectors [14] . Auto industry. In general terms, one can characterize the evolution of this relatively new industry in principle markets through the advance of globalization, through intensified competitionherein included the intensification of the introduction of new Technologies -, and through the reduction of competitive differences among the leading manufacturers: (...) competitive strategies implemented by automakers in recent years as well as an evaluation of their respective performances in primary automobile markets [7, 8] . Table 2 demonstrates the estimated parameters for the 26 items based on the sample of 270 companies from the sectors under analysis. These items were ordered according to their Level of difficulty, repre-sented by the parameter "b". The parameters were estimated according to a normal distribution N (0,1), in other words with a mean of zero and a variance of one. In practical terms, based on the parameter b, it is more probable that companies which have a degree of Environmental Management evidence surrounding the mean (in this case, zero) possess the majority of the characteristics evidenced in the items. Merely 3 items demonstrate a greater level of difficulty, with one above 1. These items are: item 13 (b = 1.001), item 2 (b = 1.045), and item 8 (b = 1.437). Thus, the company must be able to attend the set of items elaborated in order to evidence its Environmental Management. In other words, the instrument as a whole showed low levels of difficulty.
Results and discussion
Item 8 is the most difficult of the 26 (b = 1.437), meaning that the majority of the organizations did not provide evidence of having the ISO 14000 implemented throughout the company. However, this item showed low discriminatory power, as represented by the parameter (a = 0.554). This parameter represents the item's quality with respect to its information. In other towards, items with low "a" values (generally less than 0.7) are considered to be uninformative, according to Tezza et al. [35] : "(...) a low discrimination parameter of a < 0.700, which indicated items offering little information and possibly not directly related to the latent trait".
Item 10 (b=0.455), also showed itself to be difficult to achieve, meaning that companies evidenced having a sector/department structured towards the environment. This is the same behavior shown through item 12, referring to the release of environmental awards, with both items being above average. They also presented good discriminatory power, representing quality items for the construct, in statistical terms.
Item 13 (b=1.001), which refers to the environmental seal, is characterized as difficult for companies to evidence.
Item 14 (b= -0.241) showed itself to be the easiest. This means that the large majority of the companies involved have Waste Management in order to demonstrate their Environmental management. The "average" company shows around a 0.75 probability in having this characteristic.
Items 16 (develops ecological products), 22 (possesses a greenhouse gas emission reduction process), and 19 (uses renewable energy), with respective "b" parameters of 0.214, 0.219, and 0.252, showed to be very close in their positioning on the scale, which indicates they are at the same level as attending Environmental Management evidence.
In item 3 (b= -0.058), one observes that the majority of the companies present the mention of concern for environmental questions in their strategic policies and directives. This may be related to the fact that the definition of environmental variables inserted into the organization's directives is guided by its strategy to simulated scenarios within the environmental conjecture. Thus, one verifies the company tendency to initiate their strategic planning with focus, including in sustainability questions, concerning themselves primarily with their environmental policy definition.
Item 2 (b=1.045), the second most difficult, demonstrates that not all companies mention concerns for environmental questions in declaring their vision. However, the mission statement and its values, respectively represented by items 1 (b=0.557) and 4 (b=0.405), present themselves as above average. They demonstrate greater evidence as these three items are inherent to the company's strategic formulations. Fig. 4 refers to the total information curve, which is represented by the sum of the information from all the items. It demonstrates that the construct presents greater precision surrounding the mean in order to measure the Degree of Evidencing Company Environmental Management among the sectors analyzed. 
Conclusion
Based on the resulted obtained, one can verify the viability of measuring and thus evidencing Environmental Management among the companies in the analyzed sectors, using the IRT. In fact, it has presented many advantages with respect to item selection in composing the questionnaire, as it permits quality and propriety evaluation for each item individually while placing them within a single scale: items and respondents, which is not possible through the use of other tools. This is particularly useful when evaluating constructs which are difficult to observe or abstract, such as evaluating company Environmental Management.
One can observe a clear order of the items based on each item's estimated level of difficulty as well as each item's quality. Thus, characteristics related to certification are verified as little practiced by companies, as items 8, 13, and 26 in the scale generated possess a greater level of difficulty than the remaining items, considering that these three items are related to certification.
As to the limitations of the company Environmental Management Evidence evaluation questionnaire, presented in Table 1 , construction of a greater number of items is suggested, as well as their submission to a greater sample of companies. Thus, would be able to perform an analysis by sector of activity.
